


































































































































































































of scale in hot water heaters and water pipes. The following table shows the
commonly accepted standards and classifications of water hardness:

Hardness range (ppm) Classification

60 or less Soft

61 to 120 Hodera te ly hard

121 to 180 Hard

Hore than 180 Very hard

Water that is suitable for industrial use may not be acceptable for human
consumption, and different standards may apply. Ground water used for industry
may be classified into four principal categories: cooling water, boiler water,
process water, and water used for secondary recovery of oil by water injection.

Although cooling water is usually selected on the basis of its temperature
and source of supply, its chemical quality is also significant. Any character­
istic that may adversely affect the heat-exchange surfaces is undesirable.
Substances such as magnesium, calcium, iron, and silica may cause the formation
of scale. Another objectionable feature that may be found in cooling water is
corrosiveness caused by calcium and magnesium chloride, sodium chloride in the
presence of magnesium, acids, and the gases oxygen and carbon dioxide.

The production of steam requires high quality-of-water standards. Under
the extreme temperature and pressure conditions the problems of corrosion and
incrustation are intensified. Under these conditions the presence of silica
becomes undesirable as it forms a hard scale or incrustation.

Water coming in contact with, or incorporated into, manufactured products
is termed "process water" and is subject to a wide range of quality require­
ments. These requirements involve physical, biological, and chemical factors.
Water used in the manufacture of textiles must be low in dissolved-solids con­
tent and free of iron and manganese, which could cause staining. The beverage
industry normally requires water free of iron, manganese, and organic
subs tanees.

Water used for injection in the secondary recovery of oil is generally
that water taken from the oil reservoir. However, this water--usually brine-­
must generally be supplemented in order to meet the requirements of volume.
Careful control must be exercised over the injected water with regard to sus­
pended solids, dissolved gases, microbiological growths, and mineral consti­
tuents. Suspended solids in the water, of course, can cause plugging of the
reservoir. Hydrogen sulfide, carbon dioxide, and oxygen all have corrosive
effects on the well equipment, and oxygen reacting with the metallic ions,
primarily iron (Fe+++), will cause plugging of the reservoir. Organisms, iron
bacteria, algae, and fungi have an effect of plugging the reservoir or pumping
equipment, and the sulfate reducers have a corrosive effect.

Insofar as the mineral constituents are concerned,
undesirable as they cause plugging in injection wells.
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iron and manganese are
Sulfates are of interest



from a standpoint of deposition. Water that is high in sulfate should not be
mixed with water containing appreciable amounts of barium, for this would result
in formation of barium sulfate with a very low solubility. The pH value is
also significant when corrosion control and the solubilities of calcium carbon­
ate and iron are considered. The higher the pH, the more difficult it is to
maintain iron in solution and to keep calcium scale from forming.

Both the concentration and the composition of the dissolved constituents
should be considered in appraising quality of water for irrigation. The chem­
ical characteristics that appear to be most important in evaluating the quality
of water for irrigation are: (1) relative proportion of sodium to the other
cations, (2) total concentration of soluble salt, (3) amount of residual sodium
carbonate, and (4) concentration of boron.

The U.S. Salinity Laboratory staff (1954, p. 69-82) proposed a system of
classification commonly used for checking the quality of water for irrigation.
The classification is based on the salinity hazard as measured by the elec­
trical conductivity of the water and the sodium hazard as measured by the
sodium-adsorption ratio (SAR). Figure A2 illustrates this classification
system.

The importance of the dissolved constituents of water to be used for
irrigation depends upon the degree to which the constituents accumulate in the
soil. Kelley (1951, p. 95-99) cited areas having an average annual precipi-
ta tion of abou t 18 inches in which the sal ts did not accumula te in the irriga ted
soil. It has been suggested (Wilcox, 1955, p. 15) that the system of classi­
fication of irrigation water proposed by the salinity laboratory staff is not
directly applicable to the supplemental waters used in areas of relatively high
rainfall.

Boron in excess will also make water unsuitable for irrigation. Scofield
(1936, p. 286) has indicated that a boron concentration of as much as 1 ppm is
permissible for irrigating sensitive crops, and as much as 3 ppm is permissible
for tolerant crops. His suggested permissible limits of boron for irrigation
waters are shown in the following table:

Classes of water Sensitive Semitolerant Tolerant

Ra ting Grade crops crops crops
(ppm) (ppm) (ppm)

1 Excellent <0.33 <0.67 <1.00

2 Good .33 to .67 .67 to 1. 33 1. 00 to 2.00

3 Permissible .67 to 1. 00 1.33 to 2.00 2.00 to 3.00

4 Doubtful 1.00 to 1.25 2.00 to 2.50 3.00 to 3.75

5 Unsuitable >1.25 >2.50 >3.75
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Ground-Water Hydrology

In north-central Texas the occurrence of ground water is erratic, and there
are no large, continuous, prolific ground-water aquifers such as those found
in the High Plains region of Texas and in the Gulf Coast. However, ground­
water occurrences in north-central Texas conform to the same fundamental prin­
ciples as those in other areas of the State.

Hydrologic Cycle

The water available for use by man--whether as rain, streamflow, water
from wells, or spring discharge--is captured in transit, and after its use and
reuse is returned to the hydrologic cycle from which it came. This cycle is
illustrated in Figure A3. Graphically, Figure A3 shows the continuing move­
ment of water from the oceans through evaporation to precipitation and its
return either directly or ultimately to the ocean.

Ground-Water Occurrence and Movement

The geologic history of sedimentary deposition and erosion are primary
factors controlling the occurrence and movement of ground water in the north­
central Texas area. The rocks found in the shallow subsurface range from
sporadic, uncemented, clastic beds to the more Widespread, continuous, cemented
or compacted shale.s, sandstones, and limestones. In uncemented rocks such as
sand, gravel, and clay, water occurs in the spaces between individual particles,
whereas in well cemented or compacted sedimentary rocks it occurs chiefly in
cracks and fissures produced by earth movement or contraction, and in openings
formed by solution where the rocks are soluble. If these openings are isolated,
the movement of ground water is hindered. However, most openings are inter­
connected so as to permit ground water to move through them. The essential
factor is that ground water of usab~e quality is continually moving from the
point at which.it entered the ground-water body, called the recharge area, to
points of discharge, generally at lower elevations, either in stream drainage
or through wells.

Recharge is the process by which water is added to an underground water­
bearing formation, whether by precipitation on the outcrop of the formation or
by seepage from surface streams or lakes on the outcrop. Factors that limit
the amount of recharge received by a formation are the amount and frequency of
prec ipi ta tion, the area and ex ten t of the ou tcrop, the topography, the type
and amount of vegetation, the condition of the soil in the outcrop area, and
the capacity of the formation to accept recharge. Discharge is the process by
which water is removed from the formation, either through surface drainage or
through wells.

The direction and rate of movement of water through a porous medium, such
as an underground geologic formation, is influenced by a variety of factors,
which include the nature of the formation itself and the external pressures
applied on it as well as the fundamental physical laws of gravity and momentum.
These factors include surface tension, friction, atmospheric pressure where the
formation encounters the earth's surface, paths of differential permeability,
effects of heavy local withdrawals or injection of water, and climatic changes
affecting recharge. In north-central Texas, ground-water movement is not

- 102 -



constant in either direction or rate. The environment through which it moves
is a heterogeneous complex of sedimentary deposits varying in porosity, per­
meability, and angle of repose. Thus it is not easy, and frequently not even
possible in the light of present knowledge, to determine precisely the route
water will take from the point of recharge to the points at which it is once
again discharged at the ground surface. In the area of this study, however,
this route generally is circuitous and probably of relatively short geographic
extent. As a consequence, a landowner whether private or public has a partic­
ular need for understanding the hydrologic factors affecting the occurrence of
ground water. Only by a carefully discriminating study of the geological
environment of his immediate locality can he determine the availability of
ground water for beneficial use, or the means required to protect available
ground water from pollution.
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